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0, ultrafiltration rate 5 infusion flow. QB is the “blood” lineInfluence of convection on small molecule clearances in online
flow. The formula was also verified in vivo in clinical postdilu-hemodiafiltration.
tional hemodiafiltration with a QB taking into account the cellu-Background. Dialysis efficacy is mostly influenced by dialyzer
lar and water compartments.clearance. Urea clearance may be estimated in vitro by total ion
Discussion. In vitro, by simply determining the clearance inclearance, which can be obtained by conductivity measurements.
conventional dialysis, the total clearance for any ultrafiltrationWe have previously used this approach to assess in vitro clear-
rate may be estimated in both predilutional and postdilutionalances in a system mimicking predilutional and postdilutional
online diafiltration with an error of less than 2%. The sameonline hemodiafiltration with a wide range of QD, QB, and
applies to in vivo postdilutional hemodiafiltration when theultrafiltration rates. Our current study elaborates on a formula
formula takes into account the cellular and water compositionthat allows the prediction of the influence of ultrafiltration
on small molecule clearances, and validates the mathematical of blood.
approach both experimentally in vitro and clinically in vivo
data.
Methods. Two conductivimeters in the dialysate side of an
The physical components driving dialysis efficacy areE-2008 Fresenius machine were used. HF80 and HF40 polysul-
diffusion and convection [1]. While the former dependsfone dialyzers were used; reverse osmosis water and dialysate
were used for blood and dialysate compartments, respectively. on concentration gradients, the latter is mainly influenced
Study conditions included QB of 300 and 400 mL/min and QD by ultrafiltration pressure modifications and dialysis mem-
of 500 and 590 mL/min, with a range of ultrafiltration rate from brane characteristics [1]. Several studies have previously0 to 400 mL/min in postdilutional hemodiafiltration and to
estimated the influence of convection on dialysis efficacy590 mL/min in predilutional hemodiafiltration. Urea clearances
[1–3]. However, the mathematical models proposed inwere determined in the in vivo studies, which included 0, 50,
100, and 150 mL/min ultrafiltration rates. these studies, when verified with experimental data, were
Results. The ultrafiltration rate and clearance were signifi- only applied under marked restrictions on the ultrafil-
cantly correlated (R . 0.9, P , 0.001) and fitted a linear model
tration rate (QUF), blood flow (QB), and dialysate flow(P , 0.001) in all of the experimental conditions. The following
(QD) [1–3]. The introduction of high-flux membranes informula fitted the experimental points with an error ,2%
for both postdilutional and predilutional online diafiltration in modern dialysis units has allowed increasing ultrafiltration
vitro, respectively. rates. Furthermore, the present trends in dialysis are to
increase QB and QD. As a consequence, the formulaeK 5 K0 1 [(QB 2 K0)/(QB)] 3 ultrafiltration rate
available are no longer helpful in estimating the expected
K 5 K0 1 [((QD 3 QB)/(QB 1 QD) 2 K0)/QD] efficacy in dialysis clinic.
3 ultrafiltration rate Urea clearance has been widely used to estimate dia-
lyzer efficacy in vivo. The diffusion constants for NaClwhere K is the clearance; K0 is the clearance with nil ultrafiltra-
tion rate; QD is the total dialysate produced (in commercial and urea are nearly equal, and the ion content of dialy-
HDF, QD 5 QDi 1 Qinf). Since weight loss was maintained at sate mainly consists of NaCl. As a consequence, total
ion clearance may also be used to estimate dialyzer clear-
ances for small molecular weight substances (for exam-Key words: blood, hemodiafiltration, ultrafiltration rate, dialysis dose,
urea clearance. ple, urea) [4]. Since total ion clearance may be accurately
estimated by conductivimetry, dialysate conductivityReceived for publication March 31, 1999
measurements at the dialyzer inlet and outlet have beenand in revised form October 7, 1999
Accepted for publication November 1, 1999 previously used in assessing dialysis efficacy in vivo and
in vitro [5, 6]. We have previously established an in vitroÓ 2000 by the International Society of Nephrology
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Fig. 1. Schematic of the in vitro system.
system that accurately measures total ion clearances in infusion volumes are the same. In this system, by chang-
a wide range of variation of QB, QD, and QUF, including ing the setting of the infusion pump, one modifies the
the values presently used in clinical practice [7]. ultrafiltration rate. In our study, an ultrafiltration rate
Using this setting, in the current study we determined gradient ranging from 0 to QB or QD (depending on the
total ion clearance in dialysis and online diafiltration diafiltration setting) was used.
using a wide ultrafiltration rate range. We constructed The blood compartment fluid was degassed and
a mathematical hypothesis and found the corresponding warmed reverse-osmosis water based on a previously
laws to quantitate the participation of ultrafiltration rate described method [4]. QD and QB measurements were
on total ion clearance. Finally, in vitro we verified the obtained by collecting the volume over a given time
accuracy of the mathematical laws postulated and period. They were checked before and at the end of each
checked its applicability in the in vivo situation as an series of measurements. Three repeats were performed
estimate of the urea clearance. for each study point. Conductivity values were recorded
only after both fluids (the dialysate and the reverse osmo-
sis water) stabilized at 378C. Furthermore, these valuesMETHODS
were corrected for temperature by an integrated system
Total ion clearances as a tool for urea
in the conductivity meters.
clearance estimation
The principle of using total ion clearance to estimate Hypothesis and mathematical approach to evaluate
urea clearance has been previously described [4]. Based the influence of ultrafiltration rate on total
on Polaschegg’s work, we have built an in vitro system ion clearance
that allowed us to verify the accuracy of total ion clear- In vitro, clearance equals dialysance. Thus, in this
ance determination (Fig. 1). We have previously re- study, all of the following formulae refer to dialysance.
ported the usefulness of this system in estimating dialyzer
Dialysance 5 Kefficacy under different QB, QD [7]. In brief, two conduc-
tivity meters (Mesa Lab, Lakewood, CO, USA) were
5 QD 3 (CDi 2 CDo)/(CDi 2 CBi) (Eq. 1)installed at the dialysate inlet and outlet of Fresenius
where C is the concentration of total ion. QD is the total2008-E dialysis monitors prepared to perform hemodia-
dialysate flow produced by the system, QD 5 QDi (atfiltration. This monitor has a volumetric ultrafiltration
controller, which warrants that the ultrafiltration and dialysate inlet) 1 Qinf (infusion flow), Di is the dialysate
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K 5 K0 1 [(K1 2 K0)/(QUF1)] 3 ultrafiltration rate
(Eq. 3)
Protocol of the study
In vitro studies. Two polysulfone dialyzers were in-
cluded in this study: the HF80 (A 5 1.8 m2) and HF40
(A 5 0.65 m2) from Fresenius (Fresenius AG, Homburg,
Germany), where A is area or surface. The experiments
were performed with a QB of 300 mL/min and 400 mL/
min and a QD of 500 and 590 mL/min. This represents
four different settings for each dialyzer, and three repeats
were performed per point. The mean value of the sepa-
rate experiments was used for analysis. Values are given
as the mean 6 SEM.
In vivo studies. Urea clearances of nine dialysis patients
were assessed during hemodialysis and online postdilu-
tional hemodiafiltration, including a range of ultrafiltra-
tion rate values from 50 to 150 mL/min. The dialyzersFig. 2. Schematic of the mathematical approach. The general formula
to be verified is represented, and the points of the straight line taken were HF60 (A 5 1.3 m2) and HF80 (Fresenius). QB settings
to establish the formulae are depicted. They are K0, clearance at 0 were those normally used in clinical practice for eachultrafiltration rate, and QUF1,K1, point of maximal theoretical clearance.
patient, and they were bubble-injection checked. TheThese two points represent the extremes of the segment of the line
submitted to verification. QD was assessed by counting the number of cycles of
dialysate production [8], multiplied by the volume of the
production chamber, and divided by the time of the
measure. Four determinations were performed per pa-
inlet, Do is the dialysate outlet, and Bi is the “blood” tient and dialyzer. All of the measurements were per-
inlet. formed with weight loss nil.
In our study, we wanted to calculate the dependent As for the in vitro data, the observed values of urea
variable clearance (K). The ultrafiltration rate varies in clearance were taken as the reference values, and differ-
vitro between 0 and a given value QUF1 (Fig. 2). Then ences between calculated and observed values were as-
the influence of convection on K in vitro results in a K sessed.
value that must be comprised between K0 (for ultrafiltra-
tion rate 5 0) and K1 (for ultrafiltration rate 5 QUF1). RESULTS
In the first case, K0 is the K obtained with isolated classic Validation of the mathematical approach with the
dialysis. Our hypothesis was that for a constant total QD, experimental data
the regression of ultrafiltration rate over clearance in a
Two different situations were selected to validate thesegment between 0 to QUF1 (limit values for the indepen-
mathematical theory exposed previously in this article:dent variable x 5 ultrafiltration rate; Fig. 2), is a straight
postdilutional and predilutional online diafiltration.
line following the equation:
Application on postdilutional online diafiltration. Post-
dilutional online hemodiafiltration is characterized by ay 5 b 1 ax
high ultrafiltration rate (convective part of the total clear-
In our case, ance), and the ultrafiltered volume is replaced by an
infusate that is given after the dialyzer, just before re-
K 5 K0 1 (slope 3 ultrafiltration rate) (Eq. 2) turning the blood to the patient. In our in vitro setting
of online postdilutional diafiltration, the ultrafiltered vol-The slope may be calculated with the values at the limits
ume was also replaced after the dialyzer, just before theof the segment [K0 and (QUF1,K1)], following the formula
drain.[(Y1 2 Y0)/(X1 2 X0)]. In our case, it may be defined as For the validation experiments, K0 was taken with ultra-follows (Fig. 2):
filtration rate 5 0, as described previously in this article.
K1 point was assessed for the maximal QUF (QUF1 5 QB).slope 5 (K1 2 K0)/(QUF1 2 0)
Thus, the segment of the line submitted to verification
Therefore, by replacing the slope value in equation 2, was comprised between K0 and (QB, K1). For QUF1 5 QB,
we can define the general formula for K as dependent then K1 5 QB.
Replacing K1 in the general formula in equation 3:variable of ultrafiltration rate as follows:
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Fig. 3. Measurements in postdilutional diafiltration. Experimental observations are represented with their regression lines. (A) QD 5 500 mL/
min: Four different experiments are represented corresponding to the different QB (300 and 400 mL/min) and dialyzers [HF80 (solid line) and
HF40 (dashed line)]. The ultrafiltration rate ranged from 0 to QB (300 and 400 mL/min, respectively). The correlation coefficients were R2 . 0.99
for all of the conditions. The regression lines for the four different conditions were as follows:
y 5 0.1546x 1 251 (HF80/QB 5 300 mL/min)
y 5 0.2742x 1 290 (HF80/QB 5 400 mL/min)
y 5 0.3598x 1 196 (HF40/QB 5 300 mL/min)
y 5 0.4598x 1 214 (HF40/QB 5 400 mL/min)
(P , 0.001 for all of them). (B) QD 5 590 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400
mL/min) and dialyzers [HF80 (solid line) and HF40 (dashed line)]. Ultrafiltration rate ranged from 0 to QB (300 and 400 mL/min, respectively).
The correlation coefficients were R2 . 0.98 for all the conditions. The regression lines for the four different conditions were as follows:
y 5 0.11x 1 269 (HF80/QB 5 300 mL/min)
y 5 0.2115x 1 317 (HF80/QB 5 400 mL/min)
y 5 0.3182x 1 207 (HF40/QB 5 300 mL/min)
y 5 0.4162x 1 230 (HF40/QB 5 400 mL/min)
(P , 0.001 for all of them).
K 5 K0 1 [(QB 2 K0)/(QB)] 3 ultrafiltration rate of the values within the desired range of to standard
deviations [9].(Eq. 4)
Application on predilutional online diafiltration. Pre-
which is the general formula for postdilutional online dilutional online hemodiafiltration is characterized by
diafiltration to be verified. a high ultrafiltration rate (convective part of the total
Experimental data are shown in Figure 3. The ob- clearance), and the ultrafiltered volume is replaced by
served K values for a QD of 500 mL/min ranged from an infusate that is given to the blood side before entering
196 6 1 to 300 6 1 mL/min for the HF40 dialyzer at 300 the dialyzer. This elicits a dilution of blood decreasing the
mL/min of QB and from 250 6 1 to 297 6 2 for the concentration gradient across the membrane within the
HF80 dialyzer. At 400 mL/min QB, the observed K values dialyzer. In our in vitro setting of online predilutional
ranged from 217 6 1 to 399 6 2 mL/min for the HF40 diafiltration, the ultrafiltered volume was also replaced
and from 292 6 2 to 396 6 3 mL/min for the HF80 (Fig. before the dialyzer.
3A). The distribution of the points followed a straight For the validation experiments, K0 was taken with
line, which is also depicted in the figure for each of the ultrafiltration rate 5 0, as described previously in this
four series of measurements. Similar studies using a QD article. The K1 point was assessed for the maximal QUF
of 590 mL/min followed an identical pattern (Fig. 3B). allowed by our technical setting, which is QUF1 5 QD.
Figure 4 displays the experimental data along with the Thus, the segment of line submitted to verification was
line drawn with the values obtained from equation 4. It comprised between K0 and (QD,K1). In online diafiltra-
can be seen that the line obtained with the equation fits tion, for QUF1 5 QD, there is no dialysate fluid entering
perfectly with the data points observed. The maximal the dialysate side and the clearance K1 5 KQD, which is
differences between observed and calculated K values entirely due to convection. The concentration of the
were less than 2%. The Bland and Altman analysis showed ultrafiltered fluid CDo is equal to the concentration of
the fluid at the dialyzer inlet (di) CBdi. The concentrationthat the mean differences were 0.1 6 0.1% with 97%
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Fig. 4. Verification of the mathematical laws. Experimental observations are represented with the straight line obtained with the mathematical
low (discussed in the text). (A) QD 5 500 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400
mL/min) and dialyzers [HF80 (solid line) and HF40 (dashed line)] used. The ultrafiltration rate ranged from 0 to QB (300 and 400 mL/min,
respectively). (b) QD 5 590 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400 mL/min) and
dialyzers [HF80 (solid line) and HF40 (dashed line)] used. The ultrafiltration rate ranged from 0 to QB (300 and 400 mL/min, respectively).
of the fluid at the dialyzer inlet CBdi is a dilution of the Experimental data are shown in Figure 5. The ob-
served K values for a QD of 500 mL/min ranged fromconcentration before the replacement of the ultrafiltered
193 6 1 to 187 6 1 mL/min for the HF40 dialyzer at 300fluid, CBdi. CB is diluted by QD, then for QDi 5 0,
mL/min of QB and from 247 6 1 to 186 6 1 for the
CDo 5 CBdi 5 CBi 3 QB/(QB 1 QD) (Eq. 5) HF80 dialyzer. At 400 mL/min QB, the observed K values
ranged from 217 6 1 to 222 6 1 mL/min for the HF40Then K1 should be calculated following the formula in and from 292 6 1 to 225 6 2 mL/min for the HF80 (Fig.
equation 1:
5A). The distribution of all the points followed a straight
line, which is also depicted in the figure for each of theK1 5 QD 3 (CDi 2 CDo)/(CDi 2 CBi)
four series of measurements. The studies with a QD of
Since CDi 5 0, then K1 5 QD 3 CDo/CBi replacing the CDo 590 mL/min followed an identical pattern (Fig. 5B).
value, Figure 6 displays the experimental data along with the
line drawn with the values obtained from the formula.
K1 5 QD 3 CBi 3 QB/(QB 1 QD)/CBi This line fits perfectly with the data points observed. The
maximal differences between calculated overobserved KK1 5 QD 3 QB/(QB 1 QD) (Eq. 6)
values were less than 2%.
Replacing K1(clearance for QUF1 5 QD) in the general Bland and Altman analysis of the predilutional data
formula in equation 3: showed that the mean differences were 20.4 6 0.1%
with 97% of the values within the desired range of twoK 5 K0 1 [(K1 2 K0)/(QUF1)] 3 ultrafiltration rate
standard deviations [9]. Since the maximum difference
K 5 K0 1 [((QD 3 QB/(QB 1 QD) 2 K0)/QUF1] between the calculated over the observed values was
,2%, the calculation method would have an acceptable
3 ultrafiltration rate
error for the clinical requirements.
Since QUF1 5 QD, replacing QUF1 in this formula,
Validation of the mathematical approach with the
K 5 K0 1 [((QD 3 QB/(QB 1 QD) 2 K0)/QD] in vivo data
Clinical study with postdilutional online hemodiafil-3 ultrafiltration rate (Eq. 7)
tration. In vitro, the measured solutes freely diffuse
which is the general formula for predilutional diafiltra- throughout the entire volume of the fluid used. In vivo,
the distribution volume of the measured solute (ureation to be verified.
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Fig. 5. Measurements of predilutional diafiltration. Experimental observations are represented with their regression lines. (A) QD 5 500 mL/min:
Four different experiments are represented corresponding to the different QB (300 and 400 mL/min) and dialyzers [HF80 (solid line) and HF40
(dashed line)]. The ultrafiltration rate ranged from 0 to QD (500 mL/min). The regression lines for the four different conditions were as follows:
y 5 20.1156x 1 244 (HF80/QB 5 300 mL/min)
y 5 20.1295x 1 290 (HF80/QB 5 400 mL/min)
y 5 20.0112x 1 193 (HF40/QB 5 300 mL/min)
y 5 0.0102x 1 216 (HF40/QB 5 400 mL/min)
(P , 0.001 for all of them). (B) QD 5 590 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400
mL/min) and dialyzers [HF80 (solid line) and HF40 (dashed line)]. Ultrafiltration rate ranged from 0 to QD (590 mL/min). The regression lines
for the four different conditions were as follows:
y 5 20.1096x 1 260 (HF80/QB 5 300 mL/min)
y 5 20.1256x 1 312 (HF80/QB 5 400 mL/min)
y 5 20.0003x 1 200 (HF40/QB 5 300 mL/min)
y 5 0.0124x 1 228 (HF40/QB 5 400 mL/min)
(P , 0.001 for all of them).
Fig. 6. Verification of the mathematical laws. Experimental observations are represented with the straight line obtained with the mathematical
low (discussed in the text). (A) QD 5 500 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400
mL/min) and dialyzers [HF80 (solid line) and HF40 (dashed line)]. Ultrafiltration rate ranged from 0 to QD (500 mL/mn). (B)
QD 5 590 mL/min: Four different experiments are represented corresponding to the different QB (300 and 400 mL/min) and dialyzers [HF80 (solid
line) and HF40 (dashed line)]. The ultrafiltration rate ranged from 0 to QD (590 mL/mn).
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in our study) is not the entire fluid. Therefore, when 0.04 6 0.27%, with 93% of the values within the desired
range of two standard deviations.calculating clearances in vivo, QB requires correction by
the distribution volume of the given solute. In our study,
we used the correction factor previously published by
DISCUSSION
Descombes et al for urea [10]:
In the present study, the hypothesis proposing a
corrected QB 5 QB [(1 2 Hct) 1 mHct] straight-line model for the convection-induced variation
of total clearance has been experimentally verified. Thewhere Hct is hematocrit, and m is the red blood cell/
straight-line model formula was applied to predilutionalplasma equilibrium distribution coefficient for urea 5
and postdilutional online diafiltration settings and to in0.77 [11].
vivo postdilutional online hemodiafiltration. The experi-Then replacing QB by the corrected QB (cQB) in the
mentally observed values perfectly fitted the theoreticalgeneral formula of clearance:
values obtained with the proposed formulae. Conse-
K 5 QB 3 (CBi 2 CBo)/CBi quently, using these formulae, the effect of convection on
total clearance can be accurately calculated by knowing aK 5 QB [(1 2 Hct) 1 mHct] 3 (CBi 2 CBo)/CBi
single value of K. Since our main interest was the use
K 5 QB [(1 2 Hct) 1 0.77 Hct] 3 (CBi 2 CBo)/CBi of these formulae in vivo, after verifying their applicabil-
(Eq. 8) ity in vitro, we performed a clinical study. Our data show
that the formulae may also be applied to the in vivoAs for the previous in vitro experiments, K0 corre-
situation with an error that never exceeded 3%. How-sponded to the clearance obtained with ultrafiltration
ever, the data included in the present study are onlyrate 5 0. The K1 point was also arbitrarily taken for
valid for urea clearances.the maximal QUF (QUF1 5 K1), as in vitro postdilutional
The present trends in dialysis techniques aim to in-diafiltration. Since in clinical practice this point is not
crease efficacy, and hemodiafiltration represents one ofreachable, it was calculated with the regression equations
the possible methods of achieving this goal. However,from the observed values of clearance at the different
no reliable method has been available to help the pre-ultrafiltration rates for each patient. In contrast with the
scriptor (the renal physician) to evaluate the incidencein vitro experiments, the corresponding value of cQB
of convection on total dialysis efficacy. A few studieswhen K1 equaled QUF1, in vivo, was not cQB but (0.87 6
have previously proposed different formulae to evaluate0.01) 3 cQB (mean 6 SE for the nine patients):
the convection-induced gain on efficacy. However, these
K1 5 QUF1 5 0.87cQB formulae were generally validated for settings mimicking
those used in the clinical practice of the 1970s and earlyReplacing K1 and QUF1 in formula in equation 3 by its
1980s, before the introduction of online hemodiafiltra-value:
tion [1–3]. With the changes in QB, QD, and dialyzer
K 5 K0 1 [(K1 2 K0)/(QUF1)] 3 ultrafiltration rate properties, these settings have greatly varied in the 1990s.
(Eq. 3) Our study was designed to obtain a tool with a general-
ized applicability, particularly for the settings compatibleK 5 K0 1 [(0.87cQB 2 K0)/(0.87cQB)]
with those presently used in clinical practice, including
3 ultrafiltration rate (Eq. 9) online hemodiafiltration.
Measuring dialyzer performances is a difficult exercisewhich is the equation to be tested for urea clearance,
because many of the parameters driving dialysis are notand the segment of the line submitted to verification was
constant throughout all of the dialyzer. The hemodia-comprised between K0 and (0.87cQB, K1).
lyzer mass transfer-area coefficient (KOA), a parameterThe observed values are represented in Figure 7.
that was thought to be constant and inherent to theClearances are depicted separately for HF60 and HF80
membrane characteristics, has been recently shown todialyzers. The measured values ranged from 224 6 13
vary following the fluxes on either side of the membrane(for ultrafiltration rate 5 0) to 258 6 9 mL/min for HF60
[7, 12, 13]. Furthermore, it is widely accepted that inand from 248 6 9 to 265 6 9 mL/min for HF80. These
high-performance dialyzers with increased KUF, there isfollowed a linear distribution, and the regression lines are
an unavoidable backfiltration associated [14]. Increasingdepicted in Figure 7A. Figure 7B displays the observed
the ultrafiltration rate, as in hemodiafiltration, may re-values along with the line drawn with the values obtained
duce this backfiltration. However, the precise quantita-from formula 8. This line fits perfectly with the data
tion of water and solute transfers is very difficult topoints observed. The maximal differences between cal-
assess within the dialyzer. To obviate the problems inculated over observed K values were 3.3%.
the precision of the measures, we constructed the presentBland and Altman analysis showed that the mean dif-
ferences between observed and calculated values was setting to assess the final (total) clearances from outside
Ficheux et al: Convection in online hemodiafiltration1762
Fig. 7. Measurements in postdilutional hemodiafiltration in the clinical setting. Nine patients were included, and the clearances measured at 0,
50, 100 and 150 mL/min of ultrafiltration rate. The mean corrected blood flow (discussed in the text) was 288 6 3 mL/min for the patients using
an HF60 dialyzer and 283 6 11 mL/min for the patients using HF80. (A) The observed values with their regression lines. The correlation coefficients
were R2 5 0.97 for HF80 and 0.98 for HF60. The regression lines were y 5 0.1207x 1 248 and y 5 0.2177x 1 224, respectively, for HF80 and
HF60 (P , 0.001 for all of them). (B) The observed values with the lines obtained with the mathematical low.
of the dialyzer. By placing the conductivity meters exter- tion as it is based on a constant total QD. Thus, it is
applicable to the whole range of clinically reachable ul-nally from the dialyzer, the total solute transfers were
measured. Thus, our results are not submitted to errors trafiltration rates. It is noteworthy that Sargent and
Gotch’s formula, which had been obtained with a differ-generated by the accuracy in the estimation of the con-
centration values and fluxes at every point across the ent approach, supplies similar values of clearance to
those we observed, for the small range of ultrafiltrationdialyzer membrane.
Dialyzer surface is another capital parameter in dial- rates limited by the restriction criteria [1]. In other words,
for the very low range of ultrafiltration rates, their QDysis efficacy. We choose two dialyzers with very different
areas (threefold difference) on purpose to also evaluate at the dialyzer inlet and outlet is nearly similar, and thus,
the values obtained with Sargent and Gotch’s formulathis parameter. Our data showed that the influence of
ultrafiltration rate on dialysis efficacy varies with dialysis are very close to those we obtained [1]. However, by
increasing the ultrafiltration rate, the difference in QDsurface. Both in predilutional and postdilutional online
diafiltration, the slope of the regression line decreases at the dialyzer inlet in the two settings becomes more
important, and the values of clearance obtained diverge.in absolute terms when the dialyzer area increases. This
slope was negative for the big surface dialyzers when The formula proposed by Jaffrin assumes that the in-
fluence of ultrafiltration rate on total clearance may beused in predilutional diafiltration. Ahrenholz et al and
ourselves have previously observed that predilutional estimated by a correction factor, which was reported to
be 0.43 1 0.00083 3 QUF [2]. This correction factor woulddiafiltration may decrease clearance [7, 13]. Our present
study is the first one, to our knowledge, to properly only depend on QUF, and the resulting clearance variation
for a given ultrafiltration rate increment would be thequantitate the effect of increasing convection on clear-
ance in predilutional diafiltration over a wide range of same for any dialyzer. This formula would be only appli-
cable when QUF , 60 mL/min [2]. Our experimentalultrafiltration rates, and providing the formulae to calcu-
late it. findings assessing a wider range of ultrafiltration rates
confirm that this formula is inadequate for the calcula-Previously reported formulae were based on a con-
stant value of QD at the dialyzer inlet and analyzed the tion of clearances in hemodiafiltration.
In conclusion, the present study provides new formu-supplementary ultrafiltration effect on total clearance.
This approach was not adapted to online hemodiafiltra- lae to calculate the influence of convection in predilu-
tional and postdilutional online hemodiafiltration. Thesetion, where an increase in ultrafiltration is invariably
accompanied by a decrease in QD at the dialyzer inlet. formulae are based on the mathematical laws of linear
distribution. They have been verified experimentally andAgain, our formula was adapted to the online diafiltra-
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